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Abstract: During the aluminum wire wedge bonding, the ultrasonic power and bonding strength were obtained. Based on those data,
the relationship between ultrasonic power and bonding strength was studied. The results show that: 1) ultrasonic power is affected by
ultrasonic power ratio and other uncontrolled factors such as asymmetric substrate quality, unstable restriction on the interface
between wedge tool and aluminum wire; 2) when ultrasonic power is less than 1.0 W, increasing ultrasonic power leads to increasing
bonding strength and decreasing failure bonding; on the contrary, when ultrasonic power is greater than 1.6 W, increasing power
leads to decreasing bonding strength and increasing failure bonding; 3) only when ultrasonic power is between 1.0 W and 1.6 W, can
stable and high yield bonding be reached. Finally, the microstructure of bonding interface was observed, and a ring-shaped bond
pattern is founded in the center and friction scrape besides the ring area.
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1 Introduction

Microelectronic package has been the key factor of
modern microelectronic manufacture. Ultrasonic wire
bonding is an important microelectronic package
technology, and up to 90% chips were packaged by this
technique. It is a technology that bonds fine aluminum
wire or golden wire to the pads of chip and the lead
frames of substrate with ultrasonic vibration and tool
force at room temperature or lower temperature[1—5].
Although it has been applied in integrated circuit(IC)
industry for decades, its mechanism has not been
understood very well. People only know that the bonding
strength is affected by many factors. Research shows that
bonding strength is affected by ball size, ball surface
contamination and cleaning methods[6—8]. To
investigate the relationship between bonding parameters
and bonding strength, the bonding parameters such as
interface stress, temperature, and ultrasonic vibration
during bonding process were monitored and friction
models of bonding interface were established[9—13].
Those studies show that the bonding process includes 2
stages: surface breakage and atom diffusion. The studies

about aluminum wire bonding are much less, and
different failures (such as heal crack) and causes were
observed[14—16]. In this study, the effect of ultrasonic
power on aluminum wire bonding strength and interface
microstructure was studied.

2 Experimental

According to the bonding tool or fine wire,
ultrasonic bonding technologies are of two types:
thermo-sonic golden wire ball bonding and ultrasonic
wedge bonding. The former is used to bond golden
wire(diameters range from 25 to 50 pm) by capillary tool
with force, heat and ultrasonic vibration; and the later is
mostly used to bond large aluminum wire(diameters
range from 75 to 500 pum) at room temperature with
wedge tool. This study was focused on the later.

2.1 Experiment equipment

The experiment was carried out on a self-
restructured large aluminum wire wedge bonder, which
has adjustable ultrasonic power, bonding force and
bonding time. LW300 wedge tool, aluminum wire (300
pum in diameter) and substrate with Ni-coated pads were
used in this study.
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Transducer system is the most important part of the
bonder, which consists of Pr(Zrs3Tig47)O03; (PZT), horn,
bonding tool and so on, as shown in Fig.1.
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Fig.1 Structure of transducer system

Ultrasonic power is one of the most important
factors that influence the bonding strength[3]. During
the bonding process, the ultrasonic power may be
different because of the change of wire bonding interface
that consists of wire, bonding tool, chip pad or substrate
pad.

2.2 Data acquisition

In order to study the effect of ultrasonic power on
wedge bonding strength, the ultrasonic power signal and
shear strength of each bonding were acquired. The later
partly indicates the bonding strength.

The ultrasonic power signal acquisition method is
shown as follows: firstly, the current and voltage signals
of the PZT were acquired by a data acquisition(DAQ)
system, the ultrasonic frequency was 60 kHz, and the
data acquisition frequency was set as 1.2 MHz; and then
ultrasonic power was calculated by multiplying current
and voltage.

Fig.2 shows the ultrasonic power signal. It shows
the bonding process: ultrasonic power starts at 0 ms and
ends at 101.15 ms, which is defined as the ultrasonic
bonding phase. Fig.2 also shows that the ultrasonic
power does not always keep constant during bonding. At
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Fig.2 Ultrasonic power signal during bonding

the beginning, the ultrasonic power increases to a peak,
and then decreases to a plat until the end of bonding;
after the ultrasonic is switched off, the ultrasonic power
decreases to zero slowly. The average virtual value of the
whole bonding phase was calculated as the indicator of
ultrasonic power in this study.

3 Results and discussion

The bonding experiments were carried out with the
bonding parameters listed in Table 1.

Table 1 Bonding parameters of experiment

Bonding parameter Set value
Bonding force/N 4.7
Temperature/'C RT(about 23)
Ultrasonic frequency/kHz 60
Bonding time/ms 100

The ultrasonic power was changed by adjusting
ultrasonic power ratio (the ultrasonic power ratio is
defined as the ratio of the used power to the biggest
power). And the ultrasonic power ratio in the experiment
process is shown in Table 2.

Table 2 Ultrasonic power ratio(UPR) in experiment

Group
1 2 3 4 5 6 7 8 9 10

No.
UPR/% 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0

Group
N 11 12 13 14 15 16 17 18 19 20

0.

UPR/% 62.5 65.0 67.5 70.0 75.0 80.0 85.0 90.0 95.0 100.0

20 groups of experiments were carried out, and 50
times for each group in order to decrease the error caused
by experiments and accidental factors. The ultrasonic
power and shear strength of each bonding were recorded.

3.1 Distribution of ultrasonic power

The experiment data show that the ultrasonic power
of each bonding is different even in the same bonding
parameters, and different power may cause different
distributions of power.

Fig.3 shows the distribution of ultrasonic power,
which indicates that the average ultrasonic power and
standard error increase with increasing ultrasonic power
ratio. It may be caused by some factors: 1) different
substrates cause different restriction on bonding interface
and make the final ultrasonic power varied; 2) the
restriction between bonding tool and aluminum wire is
not certain because the wire is not always in the middle
of tool groove, which causes the difference of ultrasonic
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Fig.3 Distribution of ultrasonic power: (a) Ultrasonic power;
(b) Standard error of ultrasonic power

power. So, wedge bonding is a sensitive process. The
ultrasonic power is affected by ultrasonic power ratio and
other factors that are removed in this study by repeated
experiments.

3.2 Ultrasonic power versus bonding strength

Fig.4 shows the relationship between ultrasonic
power and wedge bonding shear strength. It contains
1 000 experiments data.
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Fig.4 Ultrasonic power vs bonding strength

Fig.4 shows that: 1) even under the same ultrasonic
power condition, the bonding strengths are different.
When the ultrasonic power is small (less than 1.0 W), the
difference is little and stable; when the ultrasonic power
is large (larger than 1.6 W), the difference increases with
increasing ultrasonic power, and the reason is still under
research; 2) the relationship between bonding strength
and ultrasonic power can be described with a parabola
curve: when ultrasonic power is less than about 1.0 W,
the bonding strength increases with the ultrasonic power;
when ultrasonic power is greater than about 1.6 W, the
bonding strength and its dispersancy decrease with
increasing ultrasonic power; 3) when ultrasonic power is
in the range of 1.0-1.6 W, no zero bonding strength
occurs, which indicates that high yielding can be reached
under such a bonding parameter condition, and zero
bonding strength occurs out of this range. The possible
reasons are: 1) too small ultrasonic power cannot supply
energy to remove the oxide and contamination layer on
bonding interface surfaces, resulting in under-bonding.
On such situations, the bonding strength is small, and it
can be improved by increasing the ultrasonic power;
2)too great ultrasonic power will damage the formed
bonding area, making the bonding strength lower and
causing over bonding. In such situation, increasing
ultrasonic power will decrease the bonding strength.

3.3 Bonding states statistics

In order to understand the relationship between
ultrasonic power and bonding strength more deeply, the
bonding states statistics was performed.

According to the bonding states, all bonding results
are of four types: 1) good, 2) peeled off, 3) broken and 4)
non-stick. To some extend, these states reflect the
bonding strength: state 1) is the perfect result, which has
enough bonding strength and no over distortion on
bonding heel; state 2) is caused by weak bonding
strength, and the bonding point is peeled off in the wire
loop formation process; state 3) shows that the bonding
strength is formed, but wire in the bonding area is
distorted heavily, and crack appears on bonding heel,
which decreases shear strength and makes bonding point
heel broken during wire loop formation process; and
state 4) indicates that bonding strength is not formed or
is too tiny.

Among the four types of bonding states mentioned
above, states 1) and 3) have shear strength and can be
classified into the same type. So, actually all bonding
states are of three types. The statistic results of these
types under different ultrasonic power conditions are
shown in Fig.5.

Fig.5 shows that the statistic results of bonding
states are obvious when ultrasonic power is less than
3.5 W. When ultrasonic power is in the range from 0.3 to
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Fig.5 Statistic results of all kinds of bonding states: (a) States 1)
and 3); (b) State 2); (c) State 4)

1.0 W, the low ultrasonic power cannot produce enough
bonding strength, causing peeled off and non-stick; when
ultrasonic power is in the range from 1.0 to 1.6 W,
appropriate ultrasonic power can produce enough
bonding strength, and avoid peeling off and non-sticking;
when ultrasonic power is in the range from 1.6 to 3.5 W,
the high ultrasonic power will make the formed bonding
strength broken, and peeling off or non-sticking appear
again; when the ultrasonic power is high than 3.5 W, the
trend is the same, but not so regular. The reason is still
under research.

To draw a conclusion, the reasons for peeling off
and non-sticking are as the following: 1) too small
ultrasonic power cannot form enough bonding strength; 2)
too big ultrasonic power can make the formed bonding
strength broken. So, in the large aluminum wire wedge
bonding, both too small and too big ultrasonic power
cause failure bonding, only moderate ultrasonic power
can form stable and reliable bonding.

3.4 Bonding interface

The bonding interface was studied by observing its
appearance and microstructure.

Fig.6 shows the good bonding point. No crack is
observed on the heel of bonding, and wire is partly
deformed.

Fig.6 Good bonding point

Fig.7 shows the bad bonding point. Crack is
observed on the heel of bonding, and the wire is
seriously badly deformed.

Fig.7 Broken bonding point of aluminum wire wedge bonding

Peel the wire off the substrate pad, and the
microstructure of the bonding interface can be observed.
Fig.8 shows the SEM images of a good bonding interface.
Fig.8(a) shows the whole interface, a ring-shaped bond
pattern is observed at the center and the friction scrape
can be seen besides the ring area. With the EDAX
spectrum test, it can be understood that the ring is made
up of aluminum, which indicates that the bonding
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interface has higher strength than aluminum wire.
Figs.8(b) and (c) show the details of areas A and B in
Fig.8(a), respectively. Obviously, less aluminum is
observed out of the ring-shaped area.

Fig.8 SEM images of good bonding interface: (a) Whole
interface; (b) Details of area A; (c) Details of area B

Fig.9 shows a bonding interface of a much better
bonding. A great number of aluminum is left on the
substrate after the bonding point is lift-off, which
indicates that the weak area of bonding exists on the
aluminum wire. Fig.9(b) shows the details of the bonding
interface of area A in Fig.9(a), and dimples are found in
the ring area, which indicates that the ring area has high
bonding strength.

4 Conclusions

1) Ultrasonic power is affected by many factors,
such as substrate quality, constrain of wedge tool,
aluminum wire, and so on. It shows that the aluminum
wire wedge bonding is a sensitive process.

2) When ultrasonic power is less than 3.5 W, the
effect of ultrasonic power on bonding strength is obvious;
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Fig.9 SEM images of much better bonding interface: (a) Whole

interface; (b) Details of area A

when ultrasonic power is in the range from 1.0 to 1.6 W,
it can produce enough bonding strength and avoid
peeling off and non-sticking; however, out of this range,
too small or too high ultrasonic power will cause peeling
off and non-sticking; when ultrasonic power is higher
than 3.5 W, the trend is the same, but not so regular.

3) A ring-shaped bonding pattern is observed at the
center of bonding interface and the friction scrape can be
seen inside the ring area.
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